The ultrastructure of Thiobacillus sp. IV-85 was examined by thin section and freeze-etch techniques. The morphology of this marine isolate was similar to that of terrestrial species of Thiobacillus. Decline phase preparations showed a marked degeneration of internal organization. Membrane vesicles, characteristically bound by a trilaminar membrane, were observed only in preparations of decline phase cells. The examination of freeze-etched preparations of both first and second log phase organisms showed membrane-bound polyhedral inclusion bodies in intact cells and a characteristically rippled envelope.
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METHODS
Thiobacillus sp. IV-85 was grown on the thiosulphate-sea water salts medium previously described (Murphy et al. 1971) . Bacteria were harvested by centrifugation at 18000g for 10 min at 4 "C and all subsequent steps were carried out at this temperature. The pellet was resuspended in sterile synthetic sea water (Lyman & Fleming, I 940). Accumulated elemental sulphur was removed by centrifugation at I O O O~ for 3 min, after which the cell suspension was decanted and re-centrifuged. This centrifugation procedure was repeated four times, then a sample was removed and prepared for electron-microscope examination.
Bacteria were fixed in glutaraldehyde (3 yo, v/v) and osmium tetroxide (2 %, w/v) in synthetic sea water. Fixation and washing procedures were performed at 4 "C. The doubly fixed specimens were washed in saline (0.9 yo, w/v, NaCl), dispersed in I yo (w/v) melted agar and centrifuged at 8000 g for 10 min. The resulting pellet was cut into small cubes (approx. I mm3), dehydrated in increasing concentrations of ethanol, and embedded in Epon 812 as described by Luft (1961).
Thin sections were cut, collected unsupported on 300-mesh copper grids, and stained with uranyl acetate followed by lead citrate (Reynolds, 1963) . Specimens were examined in a Hitachi HU-I IE-I electron microscope at an accelerating voltage of 75 kV.
Glutaraldehyde-fixed bacteria were examined following carbon-platinum shadowing. Bacteria were removed from the glutaraldehyde-synthetic sea water buffer by centrifugation and washed twice in distilled water containing I yo (w/v) bovine serum albumin (BSA) and 3 % (w/v) glutaraldehyde. The bacteria were then resuspended in the BSA-glutaraldehyde buffer and dropped on to Formvar-supported carbon-coated zoo-mesh copper grids. After drying, the grids were shadowed at an angle of approximately 30' with platinum-carbon.
Bacteria were harvested for freeze-etching and replica preparation by centrifugation and, without prior fixation, the pellet was resuspended in sterile synthetic sea water. The bacteria were then frozen in Freon-22, stored in liquid nitrogen, and transferred into the Balzer apparatus (Moor, Miihlethaler, Waldner & Frey-Wyssling, I 961) for freeze-fracturing and etching. Freeze-etching was performed as described by Moor & Muhlethaler (1963) . The replicas were exposed to 70 % (v/v) H2S04 followed by 5-25 % (w/v) sodium hypochlorite solution to wash off adhering cell residues. The replicas were picked up on Formvar-coated grids and examined in the electron microscope.
R E S U L T S
Shado w-cast preparations Thiobacillus sp. IV-85, a Gram-negative rod, is motile by means of a single polar flagellum (Fig. I) . Early log phase cultures were found to be most actively motile.
Thin section preparations
Bacteria harvested at, or before, the time of 20 yo thiosulphate utilization were considered representative of first log phase. Electron micrographs of thin sections of these bacteria show that the polyhedral inclusion bodies (diameter approx. I 00 nm), characteristic of many thiobacilli, are in close association with the nuclear region along the central axis of the cell (Fig. 2) . The ribosomes were discrete and well preserved. Thiobacillus sp. IV-85 has a typical multilayered envelope characteristic of Gram-negative bacteria.
Bacteria harvested after 70 % thiosulphate utilization were used as second log phase cells. Their ultrastructure was essentially the same as first log phase cells.
On: Thu, 28 Mar 2019 22:47:54 Cytokinesis of Thiobacillus sp. rv-85 proceeds by an invagination of the entire envelope. No septum or plate was observed in any of the preparations examined.
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The pH of the spent medium decreases rapidly after complete utilization of thiosulphate (Murphy et al. 1972) . Bacteria remain viable in the absence of thiosulphate for approximately 5 days. Thin sections showed that decline phase bacteria differed markedly from first and second log phase bacteria. The internal structure and organization degenerated (Fig. 3) . Polyhedral inclusion bodies are rarely observed in these preparations. Extracellular membrane vesicles were only observed in decline phase cells. These vesicles (Fig. 3) are bordered by a trilaminar membrane and are approximately IOO nm in diameter.
Freeze-etched preparations. First and second log phase and decline phase bacteria of Thiobacillus sp. IV-85 were examined by freeze-etching. The rippled appearance of the envelope seen in thin sections is also observed in freeze-etch preparations (Fig. 4a) . The outer layer of the envelope is not easily demonstrated, since it seems to fracture only in short planes. In addition, it is easy to confuse the outer layer with the eutectic shell produced by the etching process. This observation has been made in other Gram-negative bacteria (Fiil & Branton, 1969; Bayer & Remsen, 1970; De Voe et al. 1971 ). De Voe et al. (1971 examined a marine bacterium and presented evidence that only one cleavage plane occurred in the wall, between the cytoplasmic membrane and the external eutectic shell. They further noted that wall layers are seen in the 'step' between the cleavage plane of the cytoplasmic membrane and that of the wall, but they do not significantly deflect the actual cleavage in I 3 4 the envelope. In Thiobacillus sp. IV-85, cleavage of the envelope exposed a particle studded surface at the level of the cytoplasmic membrane (Fig. 4a, b) . The particles were very dense and not typical of the disperse particles often observed on biological membranes. This may represent the middle layer seen in thin sections. Rodlets seen in freeze-etched preparations of Ferrobacillus ferrooxidans (Remsen & Lundgren, I 966) were not observed in Thiobacillus sp. IV-85. Similar rodlets were reported by Fiil & Branton (1969) in Escherichia coli but were considered to be artefacts. Cross-cleavage of the cytoplasm revealed larger, more discrete particles and polyhedral inclusion bodies (Fig. 4 b, c) . Polyhedral inclusion bodies at different levels in the cytoplasm are seen in Fig. 5(a) , (b) . The convex cleavage of the cytoplasm revealed inclusion bodies which were (i) cleaved along the fracture plane, (ii) partially exposed, and (iii) fully exposed. The fully exposed polyhedral inclusion bodies appeared to be bound by a smooth membrane. Fig. 5(b) shows an inclusion body in which etching has removed the contents, thereby revealing a smooth concave membrane surface. Decline phase bacteria had extracellular membrane vesicles approximately I 00 nm in diam (Fig. 5c) . The cross-cleavage reveals a fine granular interior.
DISCUSSION
The ultrastructure of the marine Thiobacillus sp. IV-85 by thin sectioning is similar to that of terrestrial species of thiobacilli which have been previously described (Mahoney & Edwards, 1966; Kocur et al. 1968 ; Taylor & Hoare, 1969; Shively et al. 1970) . The organization and appearance of the envelope (outer layer, middle layer and cytoplasmic membrane) is the same as that described for other Gram-negative bacteria (Murray, Ultrastructure of a marine Thiobacillus Ultrastructure of a marine Thiobacillus I37 1965; De Petris, 1967) . In addition, the envelope of Thiobacillus sp. IV-85 shows the typical rippled appearance that has been observed in other thiobacilli (Mahoney & Edwards, 1966; Taylor & Hoare, 1969; Shively et al. 1970) . Shively et al. (1970) suggested that the rippled envelope may be characteristic, rather than an artefact due to changes in the osmotic conditions during fixation. The rippled envelope of Thiobacillus sp. iv-85 seen in freeze-etched preparations provides direct evidence that this is an authentic characteristic of this isolate. Polyhedral inclusion bodies have been reported in many of the thiobacilli (Mahoney & Edwards, 1966; Shively et al. 1970 ), ferrobacilli (Dugan & Lundgren, 1965 , Nitrobacter agilis (Murray & Watson, 1965) , and many of the blue-green algae (Gault & Conti, 1969; Wolk, 1973) . Shively et al. (1970) have observed at low and intermediate magnification a suggestion of a polyhedral inclusion body-limiting membrane in thin-section preparations of T, neapolitanus. Freeze-etching of Thiobacillus sp. IV-85 has revealed a smooth membrane surface, both external and internal, of polyhedral inclusion bodies in sitti. The freeze fracture of bilayer membranes is now known to form cleavage planes in the hydrophobic region, exposing a particle-studded surface (Pinto Da Silva & Branton, 1970) . Recently, Shively, Ball, Brown & Saunders ( 1 9 7 3~) and Shively, Ball & Kline (1973b) have demonstrated that the polyhedral inclusion bodies of T. neapolitanus were bound by an atypical single layer membrane, 0.35 nm thick, and contained ribulose diphosphate carboxylase activity. They have renamed the polyhedral inclusions of T. neapolitanus as carboxysomes. The smooth polyhedral inclusion membrane observed in freeze-etched preparations of Thiobacillus sp. rv-85 is atypical of bilayer membranes and adds additional support to the single layer membrane described by Shively et al. (1973 b) for carboxysomes of T. neapolitanus. The ribulose diphosphate carboxylase activity in poIyhedra1 inclusion bodies of Thiobacillus sp. IV-85 has not been determined.
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